Abstract Despite efforts to increase HIV testing in the African region, the proportion of men who report ever having been tested for HIV remains low. Research has focused on individual level determinants of women's testing however little is known about factors associated with men's testing behavior. This analysis investigates community influences on HIV testing among men ages 15-54, using Demographic and Health Survey (DHS) data from Chad, Ghana, Malawi, Nigeria, Tanzania, Uganda, Zambia, and Zimbabwe. Multilevel models were fitted in each country for the outcome of ever receiving an HIV test. After controlling for individual and household level factors, community level factors of demographics, economics, and behavior and knowledge remain significantly associated with HIV testing among men. The results of this analysis highlight the need to recognize the impact of community influences on men's HIV test seeking behavior, and to harness these community factors in the design of programs aimed at encouraging the uptake of HIV testing among men in Africa.
Introduction
Globally, there have been increases in the proportion of adults who report ever having received an HIV test [1] .
However, despite the presence of a range of HIV testing and counseling modes of delivery and implementation models-voluntary counseling and testing (VCT), couples voluntary counseling and testing (CVCT), mobile testing, and community and home based testing, and more recently, provider initiated testing-knowledge of serostatus is still unacceptably low and significant gender differences exist in testing rates [1] . There is a growing body of evidence describing determinants of testing among men; however, much of this research is conducted in high-resource settings (namely the U.S.) and focuses on men who have sex with men (MSM). Current studies investigating determinants of HIV testing in low-resources settings have primarily concentrated on women's testing behavior, either through examining factors associated with couples VCT or determinants of uptake of testing among women seeking antenatal care services [2] [3] [4] . Very little research has focused on determinants of HIV testing among men in resource poor settings. Understanding factors associated with receiving an HIV test among men is an important aspect of supporting men's sexual health. Additionally, given that an increasing body of evidence suggests that women's risk for HIV infection is highest in marriage, examining married men's uptake of HIV testing can help to address issues related to transmission of HIV among partners [5] [6] [7] [8] .
Previous research focusing on individual level determinants of HIV testing has focused on individual's perceptions of the availability of services and the quality of services provided [9] [10] [11] [12] . Historically, testing campaigns have been more successful among women because of programmatic efforts to integrate VCT and opt-out testing during antenatal care visits [3, 13] . Additionally, women and girls are more likely to present at formal health-care services than are men [14] . In addition to infrastructural level influences on individual's testing behavior, studies have also demonstrated that being married, higher levels of education, urban residence, and knowledge of HIV are significantly associated with receiving an HIV test [15] [16] [17] [18] . Although some studies have addressed dyadic level factors associated with testing behavior and HIV status disclosure, these have been largely confined to associations between intimate partner violence and HIV status and testing behavior [19] [20] [21] . Increasingly, the results of individual level studies of HIV testing behavior point to the role of contextual level factors in shaping the willingness to undergo an HIV test, for example, the roles of perceived stigma arising from local attitudes towards sexual health and behavior, and acknowledge the role of social factors in determining individual level behavior [22] [23] [24] .
In recent years, there has been a general growth of interest in examining how community level factors shape health outcomes [25] [26] [27] [28] . Studies using a community level approach to investigating factors associated HIV and sexual health have generally focused on how the health infrastructure and care delivery in the community shape individual health outcomes, or how community perceptions of stigma around HIV/AIDS shape individual behavior [29, 30] . Other previous work has demonstrated an association between media exposure in the community and community socio-economic status and various HIV related outcomes [31] [32] [33] [34] . Taken together, these studies confirm the importance of evaluating contextual influences on HIV related outcomes. However, there is a paucity of research addressing community level determinants of men's HIV testing uptake, resulting in a gap in our understanding of how to harness community level factors to improve the health of men and their sexual partners. This paper examines associations between individual, household, and community level factors and men's HIV testing behavior in 8 African countries, with a particular focus on investigating the relationships between community demographics, economics, and behavior and knowledge on men's HIV testing. Evidence suggests that men are more responsive to the influence of social norms and have different motivations for testing than do women [23, 35] . Identifying contextual influences on men's testing behavior is critical to informing HIV testing programmatic efforts and addressing gender gaps in HIV testing uptake.
Methods
The data used in this analysis were from the nationally representative Demographic and Health Surveys (DHS) for eight [2005] [2006] . A full list of countries with available DHS data can be found at www.measuredhs.com. DHS collect data on fertility, family planning, and health knowledge as well as demographic and socioeconomic information among women of reproductive age. Companion surveys of males were also conducted in each of the study countries. For the men's sample, the age was 15-59 for most countries but 15-49 in Tanzania and 15-54 in Malawi, Uganda, and Zimbabwe. The DHS men's questionnaires included a module on HIV/AIDS and sexual behavior that gathered information on knowledge of HIV/AIDS, source of knowledge, attitudes towards HIV/AIDS, uptake of HIV testing, and recent sexual behavior. The module was standardized across countries allowing for standard dependent and independent variables for the analysis. Nationally representative samples of men were obtained through separate stratified multi-stage cluster sample designs for rural and urban areas in each country, and appropriate weights are applied in analysis to ensure representativeness of the data. The response rates for the men's questionnaire ranged from 94.4 % (Chad) to 81.9 % (Zimbabwe). Lower response rates reflect more men's frequent and longer absences from the home. For this analysis, samples were restricted to married sexually active men in order to identify factors that shape men's testing behavior within marriage. The resulting sample sizes were: Chad 1062, Ghana 1821, Malawi 2114, Nigeria 1196, Tanzania 1379, Uganda 1443, Zambia 780, and Zimbabwe 3367.
The DHS collect data on HIV testing behavior. Specifically, respondents are asked whether they have ever been tested and if so, whether they received the results and where they were tested. The dependent variable for analysis is a binary variable that captures whether the respondent reports having been tested for HIV and receiving the results. The variable is coded 1 if the respondent reports both having been tested for HIV and receiving the results and is coded 0 if the respondent reports never having been tested for HIV. Given the focus of this analysis on knowledge of sero-status, it was decided that men who reported having been tested but never receiving the results would also be coded zero (the proportion of men who reported being tested but not receiving the results was very low, less than 1 % in each country).
For each of the eight countries, a separate multi-level logistic model was fitted for the outcome of reporting ever having an HIV test and receiving the results using the STATA software package (College Station, Texas). The multilevel modeling technique was used to account for the hierarchical structure of the data. DHS data violate the assumption of independence as the data are collected through a complex sample design and respondents are clustered within Primary Sampling Units (PSUs); the standard errors are underestimated if the sampling design is not accounted for in the model. By using a multi-level modeling technique, the influence of community (PSU) level factors on men's testing behavior can be estimated [36, 37] . Additionally, through multilevel modeling, the clustering of HIV testing behavior can be identified allowing for the estimation of the extent to which testing behavior differs between communities.
Since very few studies have addressed community level influences on men's HIV testing behavior, this study takes an exploratory approach to the analysis. For this analysis, three levels of potential influence on HIV testing behavior are considered: individual, household, and community.
Individual and household level factors included in the analysis capture general background characteristics as well as factors shown to influence testing behavior in previous studies. Table 1 shows the distribution of the individual and household level factors included: age, residence, education, number of living children, age at first sex, regular media exposure to radio, television, and newspaper, and household wealth. Bivariate analyses were performed between these factors and the outcome of interest, HIV testing and receipt of results (Table 3) . Variables significantly associated with the outcome (at the \0.05 level) in at least one country were included in the multivariate analysis. Given that community level data is not routinely collected in the DHS, community level data were derived from individual level responses. The PSU served as a proxy for the individual's community in this analysis. Individual level data were aggregated to the PSU (minus the index response) to form proxy community indicators. In each of the study countries a companion survey was completed of representative samples of women of reproductive age . For this analysis, community level variables were created using both the women's and men's surveys to allow for the conceptualization of men's sexual behavior as influenced by aggregate behaviors, attitudes, and characteristics of both men and women in the community. The datasets were linked using the PSU identifier. Community level variables were chosen based on previous literature investigating sexual health care seeking behavior among men and conceptualized into three domains.
Community Economics
Previous research has demonstrated an association between socio-economic status-both wealth and education-and HIV related health outcomes for men and women [17, 33, 34 ]. The influence of community level economics on HIV testing may be related to decreased barriers to care through increased ability to allocate scarce resources to health more broadly as well as increased social networks and exposure to health promotion interventions through the workplace and schools [9] . However, this association is complicated by perceived stigma. Men may be reluctant to determine serostatus if they feel that doing so they become defined as ill and their ability secure and maintain employment becomes threatened [38] . To measure community economics, four variables were chosen. The percentage of men currently employed and the percentage of women currently employed in the community were measured separately as well as the percentage of men with at least a primary education and the percentage of women with at least a primary education in the community. Since this study seeks to examine married men's testing behavior, by including variables for both men and women in the community the impact of women's increased participation in the workforce and education on men's testing behavior can be explored.
Community Behavior and Knowledge
The literature on determinants of HIV testing highlights individual perception of risk for HIV infection as a significant factor influencing uptake of HIV testing [10, 16, 23] . General knowledge of HIV, HIV prevention, and the benefits of HIV testing and counseling have also been associated with uptake of testing in previous studies [11, 15, 18] . Other dimensions of behavior and knowledge, intimate partner violence (IPV) and decision-making dynamics between partners have been shown to shape testing and disclosure behavior in previous studies; however, much of this research is focused on women's experience of IPV and subsequent HIV risk [21, 30] . Some evidence suggests that men's risk for HIV is increased through perpetration of IPV and gender power dynamics around condom negotiation [39] . Taken together, attitudes towards violence and decision-making are associated with constructs of masculinity which in turn could influence sexual risk-taking and perception of HIV risk and may ultimately impact health care-seeking behavior [39] .
To examine behavior and knowledge at the community level, 5 variables were selected. Men's sexual behavior was measured using the mean number of sexual partners in the last 12 months for men in the community and the proportion of men in the community who reported using at condom at last intercourse. The proportion of men and women in the community who know three ways to avoid HIV infection was used to measure HIV knowledge. In order to capture men's attitudes towards intimate partner violence and male roles, the mean score for men in the community on an index measuring acceptability of violence against women and the mean score for men in the community on an index measuring household decision-making were used. The index of attitudes towards violence included 5 variables measuring the acceptability of violence against women in five circumstances (leaving the home without permission, neglect of children, burning food, arguing with husband and refusing sex). A score of 5 on this index corresponded with condoning violence under each of these circumstances. The index of men's attitudes towards their roles in decision-making was created from five variables: purchasing large goods, purchasing small daily goods, visits to family/relatives, food to be cooked, and how money earned by a spouse is spent. Men who score five on this index report that they have the final say in each of these decisions. The indices were first created at the individual level, and then aggregated to the PSU. Data on attitudes towards violence against women and decisionmaking were not available for Chad.
Community Demographics
Patterns in the community regarding marriage and childbearing may reflect broader gender norms and expectations. Gender roles and younger ages of marriage and childbearing in the community help to define and shape men's perceptions of their role as the head of household. Social scripts of masculinity may pressure men to maintain their position as the primary source of financial support for their families, creating a reticence to test as it would threaten their perceived health status and, if they tested positive, would cause them to be dependent upon other family members [38] . Two variables were chosen to capture the impact of community level demographics on men's HIV testing behavior: the mean age at marriage for women and the mean age at first birth for women in the community.
An iterative model building process was used and a random intercept was fitted to account for the hierarchical structure of the data. Fitting a random intercept allows for the estimation of inter-and intra-cluster variance. Model 1 included the individual and household level variables shown in Tables 2, 3 and model 2 included the addition of the community level variables described in Table 1 . The sigma mu values for model 1 and model 2 were reported for each country to show the remaining unexplained random variance.
Results
Overall, the proportion of men who reported ever getting tested for HIV and receiving the results ranged from 7.04 % in Chad to 28.55 % in Uganda (Fig. 1) . The majority of respondents were from rural areas; with the exception of Chad with 49 % living in urban areas and 51 % in rural areas ( Table 1 ). The age of respondents was evenly distributed in Malawi, Tanzania, Uganda, and Zimbabwe; however, in Zambia, Chad, Nigeria, and Ghana respondents were older, specifically more than 42 % of men were over age forty. In general the respondents had either completed primary or secondary education; however in Chad, Nigeria, and Ghana a large proportion of men reported no education at all (Chad 51.58 %, Nigeria 32.53 %, and Ghana 31.85 %). The majority of respondents reported having more than one child, and age at first sex was greater than 15 years old. Men differed across country by regular exposure to media. In Tanzania, Nigeria, and Zimbabwe most men reported regular media exposure. Conversely, in Uganda, Zambia, and Chad most men reported that they did not have regular media exposure, and about an even number of men from Malawi and Ghana reported having and not having regular media exposure ( Table 1) .
The distribution of testing by individual and household level factors, and bivariate associations with HIV testing, are shown in Table 3 . In seven of the eight countries there was no significant association between age and HIV testing, but in Uganda men [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] were more likely to be tested then men less than age 25, and over age 40. Urban residents, men with more education, and men in the higher household wealth quintiles were, not surprisingly, more likely to be tested across all eight countries. Men with more than five children and men who report no regular media exposure were less likely to report testing, although the relationship between parity and HIV testing was not 
Community Behavior and Knowledge
The association between mean number of sexual partners for men in the community and testing behavior was mixed across countries. In Zambia, Zimbabwe and Nigeria, men However, after including individual, household, and community level variables in the models, significant PSU level variation was still present; hence there remained unexplained community level variation in men's HIV testing.
Discussion
At the individual level, higher levels of education and media exposure were consistently positively associated with HIV testing, confirming the results found by previous studies, and demonstrating the strong associations between expanded social networks and access to broader information channels and HIV testing behavior [15, 18] . The associations between HIV testing and other individual factors-such as household wealth and parity-had mixed effects across countries. These results coincide with Parkhurst's findings, highlighting the context specific impact of wealth and showing that access to capital may be associated with testing behavior but may not be definitive of ability to seek testing services in all countries [40] . The association between parity and testing showed similarly differential effects across countries emphasizing context specific connections between fertility and desire to know serostatus.
At the community level, several factors were associated with reporting of ever having been tested for HIV and receipt of the results among married men; however, the strength of association and directionality of the association differed across the study countries. In contexts where a greater proportion of men have at least a primary education, men may have greater access to health knowledge and increased exposure to broader social networks, facilitating access to HIV testing services. Specifically, men may be more likely to be familiar with the benefits of testing and available treatment options [18] . The results of this study suggest that in communities where a greater proportion of men were currently employed, men were more likely to have received an HIV test; these results agree with the findings of previous studies showing a connection between employment and testing among men [16, 24] , again likely explained by the increased social and economic access to HIV testing afforded to men with access to economic capital and social networks. Women's employment at the community level, however, was negatively associated with uptake of testing among men (although only in Uganda and Zimbabwe). As demonstrated by Greig and Koopman, women's employment and economic independence are associated with increased empowerment surrounding sexual health issues, stressing a potential shift in power dynamics within couples and possibly causing men to be concerned about disclosing their serostatus [38, 41, 42] . Alternatively, this result could also be evidence of greater economic hardship and lower socio-economic status-if women whose traditional roles are in the home are forced to work through economic hardship-limiting men's access to care. Measures of HIV knowledge at the community level for men and women were positively associated with testing among men, demonstrating an association between correct knowledge of HIV and HIV testing rates, stressing the importance of providing health education to both men and women. The results of this study are in line with previous studies that have found similarly strong associations between knowledge of HIV and the benefits of testing and receipt of an HIV test [15, 16, 18] . However, this study demonstrates that it is not only individual level knowledge that influences testing behavior, but also the general level of HIV knowledge in a community that shapes testing uptake. Men residing in communities in which a higher percentage of men report using condoms at last sex were more likely to report HIV testing. With cross-sectional data the directionality of this association cannot be determined. It is possible that increased knowledge in the community, the product of prevention messaging, may have led to increases in HIV testing. It is also possible that programmatic efforts to increase HIV testing may have had a resultant impact on knowledge of HIV and safer sexual practices, as knowledge and prevention advice are dissemination through HIV testing and counseling sessions.
In Nigeria men there was a strong positive association between HIV testing and living in a community with a greater tolerance for violence against women, while in Uganda there was a strong negative association, again, drawing attention to the role of gender power norms and highlighting context specific associations between intimate partner violence and HIV status [20, 21] . Similarly, men in Uganda residing in a community with more conservative norms around male roles were less likely to get tested. For men in Uganda and Zambia, living a community with a higher mean age at first birth for women was associated with a greater likelihood of getting tested. When women delay childbearing they may have more opportunities for economic and social advancement which in turn may reflect greater gender equity and less social pressure on men to adhere to more traditional gender roles [43] . However, in Ghana, men residing in communities with a higher mean age at marriage for women were also less likely to get tested.
There are several limitations to this work. First, the DHS data are cross-sectional, and this the analysis can only identify associations, and does not suggest causality between community domains and HIV testing behavior. A further limitation of this study is the conceptualization of community and the use of proxy community level variables. For this analysis, PSUs were used as surrogates for the individual's community; this geographic representation of community may not represent how the individual views community or what the social dynamic of the community is in its entirety, the analysis is essentially using artificially created units, created for enumeration purposes, to represent communities. It is not clear how these units represent individual's lived realities of community boundaries. Using PSUs as approximations for communities, however, allows for the estimation of community level effects on testing behavior in the absence of more focused efforts to collect community level data, and it must be clear when interpreting these results that these are only approximations of communities. However, the analysis avoids the ecologic fallacy, in which the aggregate characteristics of the group are assumed to represent the individuals: the community variables used here are created by aggregating the data for others living in the PSU, minus the individual respondent, hence community variables are conceptualized as the mean of others who live in the same community as the respondent.
This study did not control for health infrastructure level variables. Some evidence suggests that men are influenced in their uptake of testing by the facilities available to them and feel uncomfortable approaching traditionally female spaces for testing services (such as antenatal care clinics for couples testing). Therefore, it is possible that including information regarding health services in the community would have helped to explain the remaining variance in the models. This analysis defined the outcome of HIV testing as having ever been tested and received the results. While this captures the overall prevalence of men who know their serostatus, it does not describe factors associated with repeat testing. As awareness and acceptability of HIV testing increases and coverage testing services grows, testing campaigns should also encourage repeat testing and studies should track successful methods of normalizing testing and integrating it into more routine services for men. Additionally, the analysis relies upon self-reported data; in contexts of high HIV stigma, or where that has been recent programmatic effort to increase HIV testing, there may be social desirability bias to over or under report testing behavior.
The DHS data analyzed here was collected between 2003 and 2006, and it is possible that since this time HIV testing rates may have increased considerably in some of the study countries. The analysis must thus be viewed in it historical context, and the associations identified here may no longer be present. However, despite these limitations, the use of DHS data provides an unparalleled opportunity to examine community influences on HIV testing using standardized community indicators collected from nationally representative samples.
Conclusions
The community level factors associated with HIV testing varied across the eight countries included in this analysis and contribute to a new understanding of factors shaping men's testing behavior. As heterosexual adults continue to be the most at-risk group for HIV infection in parts of SubSaharan Africa and HIV testing rates are persistently higher among women, focusing on investigating determinants of uptake of testing among men is a critical part of supporting men's sexual health and preventing HIV transmission. Previously, HIV prevention interventions have partnered with existing health services delivery, such as antenatal care, effectively prioritizing women for testing and treatment. Evidence suggests that men hesitate to approach women-centered facilities for testing making the need for more tailored approaches to engaging men in testing campaigns necessary [38] . The results of this study demonstrate the range of factors associated with men's testing behavior and highlight regional differences that should be considered in planning and implementing interventions aimed at increasing men's uptake of HIV testing. Specifically, the results point to several potent community elements that may be harnessed in developing effective HIV testing campaigns for married men in these settings, for example, targeting testing programs towards those communities which currently do not share the characteristics associated with increased testing. However, further work is required to disentangle the causal pathways for the associations found here. For example, identifying the pathways between community levels of education and employment and HIV testing among married men, which we hypothesize, operate through expanded social networks and economic capital, and exploring how this information can be used to create targeted messaging to increase HIV testing among married men in resource-poor settings.
